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CHAPTER k INTRODUCTION 

1. t c w  noise receiver for Radio rissouomy 

uum obemitiion. In most cases, the emissions CoLlSist of incoherent radiations as is the 

noisc generated by the d v e r  it&. The requisites for a radio astronomy receiver 
. .  . . .  

can be integrated and variations in the radiad power dezeetd. Another requirement 

for an amxat~ reproQction ofsptcral observarions is that the receiver be bear in 

Most radio astronomy receivers optrating under l3 GHz are superfietemdyne. 

quency by mixing it with a local osdllamr. The noise oharacteris;ics ar̂  this t y ~ e  of 

receiver are determined by the front end ampiifier. 
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2. Objectives 

of ha space [2,3 1 require X band (8-12.4 GB") low 

Iated A single stage q z e r  is coL1stR1crtd. Using these data, attemps are made to 

auswcr the following questions 

Caa the FETs performance at77 K be iuhrrcd kmn its performance at 300 K? 

How do the noise pararnerers of the FET vary wit& terqerature and &equexxcy? 

How dots the F€T DC bias int;2uencc its noise and scattering parameters? 

Is the circuit design for an q M e r  apexating at cryogenic teaperamre &-ereat 

from that of an ampiifier operating at r a m  temperamre? 

what problem and Iirnitadons are inherest to opemuon at myogenic temperature? 



3. Theresearch 

Thc W0;k d#nibcd htrein was ovritd aut at the m radio astronomy gfap  



a 

(1966). 

Astronomy conmuliom 5 (1982). 



1. Field Effect Transistor Structure 

10' i2cm and the layer of typically IOoz Rcm. Above the epitaxial layer art  Iocated 

Best noise results [ 2 ] of such FETs are achieved wih a hgh doping levei in the 
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One must take the fieid deptndena of the eiecaons' mobi? i~  inm account in order to 

understand the operation of the m. 

2. Electron mobility in Gallium4rsenide 

The CMlcftlCtion band of the GaAs as presented in Figure II.2 has a central 

minimum at 1.43 eV and a sateilk rninimUrn at 1.79 eV; the two or̂  them consist of 
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Figwe 11.2 

Energy -Band Suucaue of Gszuiwn -Arsenide 

Rea  [ 3 I has c;iIcuIated the e o n  veiociry versus the applied electric iield for 

the two valleys. These results are piotred in Figure D.3. 
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Figwe 11.3' 

Carrier Dr@ Velociry versw Ekcmk Field 

for High PUR@ GuiLhun -Arsenide 

For low fieicis, below 2 kYlcm, aiI the efecrrons are in the c=mrai valley (p, 4). 

As the E-& increases, unduxion electrons End to transfer to the satellite! valley. The 

life h e  or' the electrons in this valley is only 1.8 picoseconds and t'ley tend to ream to 
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tfie C t n d  valley. This travci of efccrrons back d forth betwetn the two valleys will 

(e--) in the 

electrons have an eaergy asmparablr-to the energy of an optical phonon; an increase in 

the ekt r ic  fieid causes energy to transfer to the lattice and not tr, the carxiers. 

REts also srudieci the way ~ ~ ~ I X X B  rtspond ta a fransiat field applied over the 

fx: value when a sudden c f i a n ~  iu the fieid is appiied That is, carriers in the sareilite 

wile7 reach eqrnzibrirJm faster thag the carriers in the a=ntral vatley (0.1 picoseconds 

versus 5 picoseconds). This is more visible if the transient fiefd applied is higher than 

4 k Y / m  4 1. As the efectric field k appiid, a time period of approximately I 

picoseconds passes before ektrons are transferred from the central to the satefie val- 



eteCaic field and the veiocicy of the ekaruns increase As the efecnic W increases, 

the electrons tend to transfer to the satellite valley. Bnwortfr showed [S ] that the 

vcfociry rises to a peak atxl then f;rlls tu a saturated value under the gare. The height 

ofthecwctucan * g c b e i  in this saturated region is appximateiy amstant. This r&- 

slow moveznent of carrim a high edrxtric EeM, in order to maintain the 

E4) exaaly the +te phenomezlon ecais. That is, the channei widens and the 

electrons move faster as they regain the central valley. 
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Figwe 11.4 

Channel CTOSS -Sechn, EIecnic Field, Elemon  OR^ Veiociry 

and Space Charge Diraibuuon of G4As FET 

phenomenon that occ"u~s for gates less than 3 +w long. This eEec  increases tfie 



vclocitg at pointq by a factor cfnse to2 and decreases the vtfodty atx3 by a fador of 

1.5. Globallg, it &ortens the transit time of the e k m n  within the "saturae region. 

, 

Figwe 11.5 

Ideaiized Georneay of a Field Effect Transistor 

The FET is broken into two parts. Tne region I: dose to the soutcx is of ohmic 
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field will exceed the saturation fieid' (taken be 3 k'vlcm) at point L,. &yoad this 

pincfi-aff pint, Carriers drift at a CQIlstaot vebcify VJ, while the field due to the free 

the channel in the samted region arc fun&ns of both gate to scnxrce and drain to 

sour= vomes. 

Using this mcdd pucef et al. obtained a DC cfiaraczzrisdc for a Fieia-Effetr 

Transistor as presented in Figure II.7. The dotted line marks the 'Erniz berween lX 



rain current 

* 1 

b 

mad4 ais0 an &&t for aperation inthe mmmon 

co&gwation. Frgurc E8 presents the drcrrit while F i e  a.9 sfiows the physical ori- 

gin of the circuit elements. The hubsic elements of the circuit are as follows: 
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Po I 1 Phase Deiay (Transit T i e  in Saauated Region) 

The exrrinsic (parasidc) eiemem are as follows: 
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frequency limitations of such a device. Let r be the input to output resisMnce ratio 



frequency fu, one needs a short gate and a high velocity carrier. In silicon and 

This is why only n dranncl GaAs FET's are used fur micrcwaveS appEcations. 

5. Noise. theory OP the FET 

an intricate probiem msirlty due to the invoivcment of n&e prduaion. In gcnerai, 

the phenomeaon invoived in the production or' noise are both kquerrcy and tempera- 

ture dqeDdent, dependences that are not aiways we1 u n d e d .  



OISELESS INTRINSIC FET 

- 
0 

Figure U.10 
Model of tire Noisy FET 

The first stage is to analyze the ideat transst0 * r, postponing the comptarion of the 

Basically, the noise curreat of the input represears a Johnson t~zpe noise in the 

channel region which is ez@asized by hot efcprons in h e  chamei. This nuke voitage 

also causes noisy dumatiom in the depletion layer height. This resuits in the crearion 

of eLecrric dipies dtiidng dx0ug.h the sanxrated region. The output noise sauce 



One has to amsidcr scparatcy the two regions of the cfiannd I a M  I and II in 

region (region I> the Johnson nuke amtribtion. Integtating over the whole region I, 

In the saturated r eon ,  we cannot dcscribt the noise as a Johnson noise. The 

noise ament is interpreted as a dkiht ion of SPaQaly uuarreiated impulses. Each of 

these impises res& in a diqiacmerrx of a charge and producs a dipole. The &pie 

is created within a safflrated vdccity region and is thus unable to relax. The dipoles so 

creawd then drift unchanged to the drain amma where the drain aoise clvrent iz m 



which induck the norisy parasiticr is shown in F i e  Zll. 

One can express the minimum noise figure (see ScCtioLl II.6) of the intnhsc FET 

as a fundm of the parameters R, P and C .  Under the assurnptionf<<fr ( This is 

usually the case; a typicalvalue offr is 90 Glib), wc have 

We can have for short &ate length a axrehrion cocffiaent dose to one in rnagniuxde 

two noise currents. 

The above eAq?resshn predicrs for low hquencies an ahost hear dependence of 
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L e Q =4kToRgAf 

the m i n i l n l u n  

wwks at low temperatures [13,14 ] revealed a disagreement 

Several explanations were acivanctd to agree with experimental results. Puce1 et al 

proposed a trap themy with traps at the gritaxiat layer submate int~rface. But the 

Another explanarion was that of the inenalley scacrering noise 

scamring noise is a weak fun&.on of the physicai temperature 



6. FET Noise Representations 

The noise figurt ofa twoport device is defined as the ra& ofthe ucrisc ofthe out- 

Using the expression for the noise generators of the FET it is possible to show 117 ] 

that the noise3pre canbe written as 

where ZJ =Rt +JX, is the sura rcsjstanCt and r,, ,gn Je three inremediare patameren 

whose theoretical v a b s  can be derived from-tfie -1 &wry [6 I. Zc is bmm as 

the naise correlation irapedance. F is a minimum when Zs is at an optimum, ie 



T t T o  (F-1)  
To is cgualto 290 K t .  

Tzfe relation ktwetn h e  two reprtstntacions is known as the Rothe-Wke relations 

I. 
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CHAPTER III: FET PARAMETERS 

1. Scattering parameters 

eadmfitrports, part of the input wave is r e m  and part is transmitted (scatrered) 

to other pats. If we den~te with zr‘ tht vearor COIItpClrSed of the incident wave ampii- 

tudes and b’ the vcxtot eornposed of the exnanathg wave qiitudes, the relation 

bctwcen 4‘ and b’ for a hear device is= 
- -  

e 

p e d  of only four parameters. These parameters are in generai cL)mplex and thus 



I UdB I NEC13783 . 1.2dB I I 

T h e m  ' g parameters of the NEC FET were measrued using the test fixture 

described in Figure III.1. The test fixaue does not allow the biasing of the transisto r, 
.- - _ .  - 

thus avuiding the creation of parasitic efemtnts &e to Lx: bias networks. The task of 

kdashg the FET was performed by two bias Tet nerrvorks (Hp 11590A). They were 

found to tx ntgfigeabiy lossy aver the frequency range of measurements. Two cfif- 

fereat kinds of c a m e  were used to connect the diefecaic board to the network 

a n a l p  used for the measuremeats. The APC-7 standard was used at room tempera- 

ture to obtain a bemr aamcy and an overall lower VSWR; heat Iinks were avoided 

Sy Uring the OSIM standard at cryogenic temper at^^ The fixaue's microsuip has a 

cfi-xristic @edance of 50 IT and lies on a te&n f i b e r e  board. 
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Figure ILI. 1 
Tesr Fixnuc Used for Scar ing  

Pcumezer mmemna 
A &€ion cylinder was pfactd over tfie devicr: and hefd M y  

with a spring &e @ffi of copper (set F i e  IIt.1). Becwetn 8 

aspinst the boarrd 

and 10 GHz, the 

ttflon qhck created a phase shift of less than 2 degrees and an amplitude change less 

than .15 dB (e2 %). The gap between the input and the apt bards was designed 

to d y  fit the F€T package, sa as to reduce phase errors due to posirioning. These 

were Iimited to abut 5 degrees at 8 GHz and 7 degees at 10 GHz. The gap berwetxl 

the cwo soure pads was equalized to that of rhe experhead a q i E e r .  In order to 



For the measurements of 

the Sii paramem, a piece: of cerpper with the width and t b i m  of the FET drain 

pltr was heid over the gap with the tcftoa cylinder. The Sij parameters were therefore 

r e f d  to the alptct ofthe 

of tfie cqpcr pin was made. The phasc of the rea=xion for 

The different scasfering parameters were measured for a VOs of 3 V and a drain 

ament of both 10 nzA and 30 mA ts compatc with the &-e?s specrfications. 

Twenty one measurement points were taken over the frequency range of 8 to IO GHz 

in order to use the available coI13puttT routines. The Figures 111.3 u and 111.3 b 

present a typical scattering parameter measurement at rwm temperature. 

The refkxion coefficient magnitude agreed within 10% of the @ficaUons of the 

amsmcxr, the phase was off by 25 degrees for SI1 and by a faaor rangjng €torr 30 to 



Sm The rcmahing phase difference is most pro'bably due to the measurement errors. 

One can amchde from these d e  that the mamfacmer takes the m e r  of the 

Transnisson COeEciexit  des were found for differeat FET's varying 

between 210% from the mandarner spx5catiom. This kind of dispersion was 

prdaabie for the @ans&mr gain S x  but was not expxzd for SS. Tne phase of SZ1 

was found usuatly witbin 10 degrees of the claimed values. In addiuon S ,  was found 

to be off by a farcor of 90 degrees for one FET and by 10 to 30 degrees for the others. 



Figure 1'1.3 a 

Scattering Paramzers 4t Room Temperwe 
v,=3v Z p l O m A  

merent measurements for the same FET provided results wi& 10 degrees. One 

p0s;ible expianation for this discrepancy is that the low h e l  of the output signal does 

not allow the nerwork analyzer to p W &  it. 

2. Gain and Stability 

From the m d  power sumzing parame.zrs, one can deter?nine the osdllarion 

concii~ons and the Merent gains asscciated with the FET. The invariant stabiliry fac- 

tor k imcdued 6rst by Roller [ 3 ] is the simples way to Uniquely describe tie degree 



Figure III.3 b 
Scrrtering parameters az Room Temperarure 

of stability of the eamismr. Expressed as a funcrioo of the satzering parameters, k 

eanbcwri~nas  
a 

sauce and load rrLTpedances. Therefore matching the FET for maxizIlllIIl gain or 

minimurn noise can be done without restricrion. The m&um avaihbie power gain 
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The gram k, the motc stabic the transisto r. 

I f k  is less than me, ctrrain passive sou~ct or had i q d m c e s  will creare unstabil- 

ity and cause the transst0 ' r tn oscillate. In the input and output planes, these unstable 

regions are inside cirdes 16 ] whose anters and radii are 

ing parameters. ThC maximum mbte p e r  ,@n G, is 

direct functions of the scatter- 

obtained by padding the input 
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- Figure 111.5 

NEC 13783 M . w n  Auaiiabie Gain 

The Figure m.4 presents a md plot of tfie variation of the stabiiiry factor k 
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Figure 111.6 

NEC 13783 Transdimt gain 

Figure EC.5 presents the amputed maximum available gain (or rnaximurn sabie 

gain whea k is kss  than one) as a function of frequency for the same bias currents as 



* a  before. As for the k h r ,  the 

czxqnmia of the gain of the F€r. 

respect to the scmrcc impl.ldanct are zero, it is inamrratc for the detmminatiion of R,, 

Xop and T- A better way to meamre the noise parameters of the device is to 

ixqedane of the FET can be e x p r e s s e d  as 

2 To 
T,,=:T-+- R [ (R -R,y+ (x-xop) 

I€ we maintain R constant and let X sweep thrmgh a range of react!ance, Tn on be 

written 



we can express Tn as 

or 



TO 
R2+X2 
R 
- 

" 'haret idy,  oaly four pints of measutment arc neassary. However, because 

of eqerirncntais errors botfi in the measurement of the noise teqerature of the FET 

and in the impedanm at which it occurs, one has to compile data and average the 

rtsults to r e a h  a statistid smootbiqjof-tfie measUr&- parameters.' 

In order to find the intcrmediatt parameters qe7 one has to determine both the 

noise ttmptraturt of the device far a @va impxian- and the soutct iq tdana.  

Because of the low gain of the experimental arnP..lifier, one cannot measure diredy its 

noisy itseff) has to be incorporated in the measurement set-u? as shown in Figure m.7. 

The o v d  noise temperature of the spstem is given by the Friis' ionnula 



p o w e b e t e r  . c n ire figure OL: 
sourc 

m 

TFET 

meter 
U U 

Even if the calt'bration of the r&vcr noise temptranuc is provided, one CiLMot 

output impdana. The optration is deiicate and subject to errors Since one has to 

disconnect tfie test board from the rectivcT. On the other hand, if two Merent 

d v e r s  are availabie we have a set of two equarionS with two unknowns (TFm7 GFn) 

that we are thus abie to solve. A single refiwer that sindared the operation or' two 

dSerent ones was built This drnunvented the problem of having to C ~ ~ S C O M ~ C ~  and 

rccc>nnecT the aqiii5er for an addiminai ret of measuremens. The Figure m.8 exam- 



M? 968013 sweep oscillator 

60 mz BP f i l t e r  
40 MHZ wide 

* .  

10 aB 
amp. amp. attenuator 

The variabie attenuator cfiangcs the noise texrpcratzire of the receiver by adding a 

series resistapce to the circuit, i.e a COLlstaLt tcrnperanrre increase. The auenwmr was 

set to achieve 0 & 1 dB attenuation in order to miaimizc the noise tcmperafure of the 

stightiy with time, &us causing calibration problems. However, mer a short period of . 

time (2-3 hours) the cmeiation COeScieat bekeen $e recziver in pxiticn 0 and in 

@tion 1 was found to be better dun .995. The required measuremenrs were per- 

formed with a noise figure meter. OetaiIs of the procedure and of the assodared 

software are Appendin cz. 



sourm. The naise lcvd at tht output power of tht receiver is a fundion of f a r  
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Figure 111.10 

Case for rhe Memwement of Source Impedrurces 

This board was also used to hvestigare losses due to the mar~,Sing network, to d- 

date the naise indued by these losses and to cxlmpure the nec,-sry mrtecrions. The 



w.4. 

boards are subjected tc, m&d strcsscs that fend to bind them. To prevent this, 



F i p t  m. I1 
Input Boar& Layouts 

Lo. the computation of the FET noisc parameters, the cwaihtion of a prtidar 

mcasufement point is wei@&d by a faaor proportional to its measured noise tempera- 

ture. Because erm are more imprtant as tfie noise telnptraaue of the FET 

Measurements were p c r f o n n e d  for a drain sourct voltage of 3 V and a drain 

of 

(293 

both 10 mi4 and 30 mi. The 

cryogenic 

m parameters of both 

Wefe at 100 

Morn 

between 8.1 and 9.6 GHz. the input board yielding the best resuits at 8.35 GRz, was 

subjecred to more measurements at other bias to study the lauer's depndence on the 

minirmun noise temperame. Tabies m.2 a and m.2 b present the noise parameters at 

8.35 GHr. (Xu h e  impedancs are rekerencd to the source edge or' the FET pck- 



1 p;reqUeeCg 8.45. GHz I 

I I 

293 
m 
45.9 
-3.3 
21.0 

77 
44' 

0.7 
1Q.7 

improves the pexformance of the FET. 

A power law fit fur the naise emperamre of the FET of the form 

30 mA p=.86 and ye1.66. 
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FET's [8,9,10 1. The thareticai eqresim present& in the d o n  a.6 expresses the 

nuke figure as 

As stated before fr is very large and in the 8 to 10 GRz band one can approximare 
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of y prcdics a higher noise tempcrabre for high frequtncies than that of Fucei's 

equal to 1.17 f& 10 mA'(1.16 for 30 A). That is, with the exctption of frequendes 

ure) in accordilllce with h c d s  theary. 

The value of the minimum noise temperature Tmi, was found to bc larger k t  the 



aeaise 110 x. The provide T- equal 126 

The vaxiafions of the noise co~dltcrilIlct gn with frequency and teqeramre are 

&own in Figure EI.14a for a DC bias of 10 mA &id m.14b for a bias of 30 d. 

Thc meastmmcnts at morn temperature are particufarfy noisy for the lowest drain 

As stared before, in order to reduce the numkr of higfi noise 

b o n g  these, the naise a n a =  gn is the most sensible to measurement errors. 

At 8.45 GHr and rwm temperature, the measured gn is 16 2 4  lzxIJhos which agrees 



A prwer law fit of the form 



Figure III.13 b 
NEC 13783 Oprimwn noise Impedrrnce , Vm =3 V ,  Id =30 nA 

provides the following resuIEIs: For a bias of 10 mA pr.43, y=2.17 and for a bias oi 30 

mA and y=2.26. & for the minimum noise teaperature, the v a r i a n ~  of gn 

do not depend on the value of the Dc bias of the FET. Theoretically, gn increases as 
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features of the W s  theary. 
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4. DC characteristics and internal parameters 

Figures IIT.16 a and b present the classic FET CfiaraaeriStirS at 293 K and TI K. 

The variation of the brain current is pioued versus the drain source voltage, fcr .2 V 
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vide the Schottky barrier pomtiai V'. Using the methods dcvtloptd by Fukui [12 ] 

the FET pincfi-off voitage Vp (&&I& as the gate voltage for which the saourated 

region occupies the whole channel) was measured. The CfiaMCf width 2 and the gate 

Ien@ L were taken &om the m m & c ~ ~ ~ e ? s  [3 ] published dam (respdvciy 270 p m  

and .5 w). The cakuiattxia values of the d e r  density N, efiaMef thichess a and 



MA 

o k m d  increase of the FET transcondunance gm and of the FEX RF gain at aye 



293 
.5 

.272 
22.2 
. I1 
149 
1-15 
.793 

I 1 

Table 111.3 

77 
.5 
2272 
23.4 
.095 
185 . 
1.272 
.794 

0 NEC 13783 Iwrruai Patameren 
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CaAPlCER nT= FET SXNGLE STAGE AMPLIFIER 

1. Purpose 

icr. E i  the aqd&r is pqasciy cxpcrimental in nature sa that it can be easily 

modified Ah ,  sine s c v d  FETs are to bc used, the repfactmtnt of one FET by 

another should not disturb the o v e d  c€laractexizafims of the prototype. 

One objective of this research was to determine various parameters desaibing the 

microwave behavior of GaAs FET's. As e;Iplained in chapter m, tbk required the 

measurement of the ' 'cs of input and output network. Thus, these networks 

had to be d y  remmbie. 
I 

sctess that can deveiup ar these temperatures was a mcen. This is due to Merent 



noise afthe gain reqtlircs 

cui% any value of Emvw, when COOM, boards lfsually shrink (1 9% at 

20 K), thus causing szms probiems. In addition, for fn=quencies as high as 8 GEz, 

radiatian losses can be fairiy high. Use of a slfbstrate board with a high diektt ic con- 

efecrric and magnetic fieids within the subrate) rajnimizfs these 

h e ~ .  && a high diekmic cxxsant boatd s i ~ ~  down the EM wave, thereby reduc- 

ing its wavelength. Ths, any obstacle preseat on & bard (EX bicchg  capaciror, 

wider, FET) peratbes the propagation chacterkics. 

* I  

* stant (- 

Yet, another sli@t inconvenience In using a micrcshp board is that it requires ne= 



ptrfect grounding of the board to tfm casc of the . This is done to avoid 

. .  
* parasitic-. 

impedanct and phasc vefndty witbin2 to'5 % ofthe measured valuc dcpcadins on the 

valuesofthechxaams ' 'c iqdance. A 5 9% error gives a VSWR of 1.1, a vaiue 

Different tuning a d  rnatcfiing tccfiniques were tried for input a d  autput net- 

car- mapping uf the strumre is made and a mask: is generated for a h e r  version. 

rille stubs are rcatized by cuaing a 2 miis (SO pm) tbi& sheet of gold to the 

desired dimensions. Because the tfiicknes; of the goid sheet is not 1.34 mi&, as the 

stub generated from the d, and because the s u b  cannot be heid perfedy a g g t  

m&, it is possible to slzlldy the amount of error p r & d  by a sright gap betwetn &e 

subsrare and &e pld sheet a b .  Figure N. 1 presents the plot of L?/Z,, where Zc is 



i 

the subs m y  against the substrare, a thin tape of tcilm (e, =2.2) is used. In order 

to study how this affects the i m r p e h *  added in padei to the main line, the t'ansr;lis- 

dcm ctxifidents of a 50 R line, with and without a @ecc of  on tape, were measured 

using a network analyzer. A Hecz of tape 4 rn wide changes the mapirude of the 



produces a phase sM3 of 5 degrees at 8.5 GHz. 

pressing cylinder 

board 

aq l i f i er  s case 

Figwe N . 2  
Motuuing De& for Connectors 

Twrb r e p k  4ahztmy pawer StrpPIies provided tfrt FZT bias. In order to protect 

the PtansistDr against d e n t s  and overnoitage, a zener diode in parallel with a cauaci- & 



GATE 

I -  
DRAM 

I +  

Figure N.3 
DC Bias Nemurk 

Af 8.45 GH;: the vertfx of the triangle is a shofi circuit, and therefore x/4 away the 

At other €rcquencies, the bias network perarrtxs the propagarion along tke 

srkrakp. However, in the frequency range of heres (8-10 GZz) it does not cause 

any serious perturbations. It shouid be noted that resonance modes of the uimguiar 



Figure N.4 
Transiswr Mounting DetaiIs 

Consider a simpzed m d e l  of the FET, ncgledq the fedback uparanc Cgd? 



cwssucttd in brass. The subsaratc boards were sidered to the case using low tern: 

pram* in&. salder rr, assure grounding. The F€T was an ALPRA 3003 for 

* which the mar;ufacrucrdaimsa rnbimm noise t c q c m t u e  of 120 K at8 GZ'. The 

two ridges nectss;.uy to ground the FETs smrct pads were comezd from cupper, 

wftose low thtrmal rcsistiVity dissipates the heat generated by the FET at cryogenic 

temperatures. ThC twa copper bars were soiderexi to the case with reguiar 60% lead 

4% tin solder and.to the sour= pads wirh indiuIll. The differezc:: Oerween the nek- 

ing points of the m-o soiden made pcssibie the removal of input and o u p r  boards as 



7.2. 

-2" f 

2.3" 
4 

4 
4- 

b 

Single 
wcfl as the FET from the ampmer, 

03' D 
& 

Figure N.5 
Stage Fusz Prototype 

a31 without removiag the ridges. 

I 

Ne-g tfie other Iosses induced by the inpm board, -W corresponds to a 20 deget  

increase in the amplifier eqrrivaht noise teqerature at rmm temperature (8 degrees 

rejected. 
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Figwe N.7 
Sin& Stage Amplifier Gain 

Thc amplifier &bits a rnaximUm gain of 8.35 LB at 8.75 GHz and a minimum 

. noise texqcrau.~~ of 160 K at 8.5 GHz. The 3 dB gain bandwidth AfG is value at 

8.75 GNZ. The guality QG associated wifh it is 10.4, thus the Bandwidth to 

Central Frequency Ratio (BCFR) of 9.6 7%. One can define the 1 dB noise bandwidth 

as the bandwidth where the n&e figruc is 1 dB higher than the minimum noise figure. 

h the osc of the flrsr 

carresponds io a Q,. equal 

the bandwidth AfV is 

a BGFR of 12 %. 

1.02 GHz wide Whict.1 
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Figure N.8 
Single Stage Amplifi;er Noise Temperasure 

COQfing of the ampMer to 77 K was performed by baiting the case of the 
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to a heavy a q p r  bar, which was mouatcd inside a brass box Then the box 

svasiraergtd stawfy in abathof liquid nitrogen Mde a Dewar vase. After 10 minutes 

the baling rate of tht liquid nitrogen dowed down as tfie tempczarwe of the box, and 

'therefore the azIIplIfieis case, reached 77 K. Liquid nitrogen was added at sttady 

intcmds to maintain a camant levei imide the Ccwar vase. 

The h t  time this ampfifier was cooled down, the FET's gate pin broke, thereby 

probiibiting any mer Operation of the ALPHA F'ET. When brought back to room 

temperame, it appeared that the subspate board had axkd and that irs edges were no 

longer grounded to the amp&r's use. Au. atremprs to solder the original boards 

back, failed. When uperaling with a new FET, the ampMer presented various reso- 

0 
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Figure N.9 
Second Prowtype 

This q M e r  has a w r  ose. Altbugh more difhdt than brass to work with 

rntffianicaly, c q p r  presents the advantage of a betrer themal conductiviry. To avoid 

the board curling problem that af€c:d the first prototvpe, input and output bards 

were blted tightly against the ampfieis ose. Sylon washers were used under each 



optimal noise impdana has a d v e  component wfiost variations are negative with 

fhquerrcy. thatistheoppasitcway, 

are d over the d d e r e c i  bandwid&. 

In the case of the second prorntype, the input was ophized for a match at 8.35 

GHr . Figure IV. IOa presents the Sin& rig? -Mer for a bias of V' 1 3  V and 

Id =10 nul ar both room and rryogexlic temperaaue~. Figure TV.10b presents the 
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W.Ila and b display the same quantities for a F€T bias of Vds =3  V and Id =30 mi. 

gain increases an average of 1.125 dB for a 'bias uf IO mi (1.8 dB for 30 A). This 

physicai temperarure of the l a t h  dereases, In additian, especially for frequencies 

drastic change in the scattezixxg parameters or' the FET (espefiauy SI,), or a somewhat 

Irrrpormnt defomtion of &e subsrate  board. The exaa rezson for this improvezeat, 
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tempratwe of the axqEer decreases as expected. At 8.45 GHz the decrease is si@- 

ficanr 64% for a bias of 10 &, 61% for 30 mA. For h@er kquencies' where the 

rwrn &-ratare ooise figure was much greater, the noise @re increased when the 

A better method or" grounciing is desirabie. A proposed solution is to solder ody 

the center or' the dxzrate board to the case or' the q i i f i e r  md hold its edges to the 

ampiifier with screws. 
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osre. For a 14 4 at 77 X' tke baadshdth is, at least, 1.5 GHz' wide around 

8.4 GHz. This anxespnck to a cpaiiv factor QG of, at most, 5.6 and a 8- of', at 

TItc Variations of gain versus drain current was m d  at 8.45 GHz and room 

tempragwe, after rcgrormctlng the input board The r d  is shown in Figure W.12. 

Using the mmpured noise parameters of the FET and the source i m p e h c z  of the 

input board, the eqxxted noise tempcramre oi the prototype was catculated. At 8.45 
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Figwe IV.11 b 
Second Prototype Noise temperorwe Civve , V& so3 V ,  Id 1.30 mA 

GHz, the cila;llatiorr; yitfd a n& temperature of 146 t10 K at room temperaare 

and 5228 K at 77 K. In both cases, the noise performanct of the sin& stage ampllE- 

kr is wmse (180 and 68 K) than the ddat ions  indicate because of losses and 

misrnade in the input network. The attenuation formulae derived b Appendix C3 

allow the calcuiation of these diaerencts. At room temperanue, the attenuation a is 

1.2 dB, and at77 K is 1.8 dB, out of which .3 dB is caused by the DC biocfdng opa- 

h &fare w . . d  to be done to r&c= tbese auxmmions and further improve 

tile pexfoRHance of the promtypt. 
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Figure N.12 
Goin versa Drain Current 

peratme of 90 K at77 K can be e x p a d .  
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CBAp17.ER V: SuMNlARY AND CONCLUSIONS 

&- 

The first: part of the work was concerned with the rnessurement of several of the 

F€T parameters in the X-band. The measurement of thc power scattering patameten 

provicied an estimate of tile stability f a c t m k  and of the vaniaus gains associated wirh a 

partictli;u FET and their w o n  with the DC bias of the FET. Because of inmi5- 

dent accuracy in experimental rneasurcments (eqc&ly thcse related to phase terms), 

one a d d  draw Iimited concfusans amcerning the Operation of sin# or mzfjtiple sage 

FET amplifiers. Tie F€I' transconduczancz was found to increase when axk-d, thus 

ciusing an increase in the RI; gain. 

The noise parameems of the FET and their variation with frequency, physicai tcm- 

peratwe and IX bias were exxensiveiy studied. Bewexx 8 and 10 GHz,  the frequency 



When cooled at 77 K and operated at 8.45 GHz, the anrplifier exhibited a noise 

temperartlre of 68 K and a gain of 7.2 dB. Fvhea biased with a larger FET drain 

curreat (30 mA), the gain of the aqMer improved to 8.5 dB , while the noise perfor- 

mance was degraded to a levei of 100 K. Althougf, they did not greatly *ea, the 

gain tmdwid~ of the ampfifier, g r d g  problems in &e matching nerworks car- 
* 

failure and link reaming. 



Ih order to test the rriezisurments and results of the first s e e  amplifiet and to 

investigate lntMstage matcfiing nemrks, a three stage version has to be c0-d.  
- -  

I 
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APPENDIX GI: NOISE PARAME'XTRS DETERMINATION 

The inversion of the matrix If2 ] uses ttie Gam pivot merfiod 

0 9 

129 INPUT R(K3 
I38 OISP USING 148 i Y 
140 IHACE r*actanco number- * .  

0 

27'9 NEXT U 
280 OISP ' I f  L ?  is O K  hit CE'rcO L 

I N €  3' 
t?e INPUT us 
380 IP Y S O ' "  THEN 86 
ore COPY 
329 CLERR 
330 OLSP *?hat i3 z * !  I t  s t  v e r t  

1 nr"  
348 FOR La1 TO 4 



498 FOR K=I TO N 
500 Kl=K-1 
Sl8 plb 
529 FOR I=1 TO N 
S3e FOR J-1 TI) H 
5413 IF K 4  THEN 610 
S530 FOR 124 TO K J  
560 FOR J2=1 TO K l  
we IF I=f(IZ? THEN i S B  
588 IF J m J < J 2 )  THEN 639 
598 NEXT J2 
608 N€%T 12 
619 IF ABSCTCfrJ)><a6tBS<P> THEN 

638 
620 PlTCfaJ) 
638 ICKTaI 
649 JfK)+J 
658 NEXT J 
660 NEXT I 
679 13=2<K? 
688 JS=JtK> 
796 FOR J=t TO rl 

729 NE'XT J 
738 Tt13,J3)-l/P 
'is49 FOR I=t  TO H 

696 o=oxe 
738 TCI3a J>d<13, J 3 / P  

338 T = f i t r  J3) 
7'68 IF IrI3 THEN 318 .a 
"76 TCIrJ3)=-<T/P> 
788 FOR J-1 TO PI 
938 IF J O J 3  THEN T C I  JT=TSIrJ?- 

T*T( zsr J) 
988; NEXT J 
m e  MEXT I 

1878 HEXT I 
1888 FOR 111 TO N 

1100 NEXT I 
1119 NCAT J 
1128 FOR 111 TO H 
1138 FOR J I 1  TO N 
3 3 4 8  14=lCJ> 
1158 JS-J<J> 
117% NEXT J iiaa FOR ~ - t  TO N 

1898 TCIaJ3=YCI) 

1160 Y< 14>=T< 1, J4) 

lt98 T<frJ)=Y<J> 

a 



APPEFiDIX CZ: KOBE TEMPERATURE iMEMtl.uEMENTS 

an H.P diode an 

pad, An of 

of 15.2 in with a IO dB 

53 of 

The first methcd maices use of the a noise Qpre meter (HP 34oB) and of its ana- 

log output tr, on an X-Y or an the variations of the 

ncrisc figure (thercfore of the naise tcmpcratlue) with frquency. First, the noise Eg- 

ure meter sends a square wave 0-28 V to the noise &de and reads the power at &e 
D 

ncrisc figure (thercfore of the naise tcmpcratlue) with frquency. First, the noise Eg- 

ure meter sends a square wave 0-28 V to the noise &de and reads the power at &e 
D 

output of the r&er when the c€icde is turned on and off. Then, it deals with the Y- 

factor of the system defied as 

mer az the ournut when diode is hot (on 1 
power at the ourput when diode is cold ( o g )  Y =  



excess noisC is 5.2 dB. The program EVAwri- for the purpose of tb.c Computation 

tht n o k  figure meter. The Cah"ixati0n. of tfu= receiver provides us with T-, noise 

temperature with the step attenlrator in pit ion i.We have 

i = O , l  



The noise -e of the FET is given by 

10 1 UEES THE HP X-.' PLOTTER 
20 ! 
38 ! 

a&-?- 
13% O I R  88f583 
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IS8 CLERR 
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B HORINRL ORNI SPECTRFI PRO 
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CTION 

URE OERXUEO mam ?WE EXPPESS 



91e ! 
928 ! I<PZ ElONGRtIOM IN cn FOR 

TH€ RECEIVER IN DOSITION 1 

TERPERRTURE 
938 ! J<P> IS THE RRRUY OF NOIIIE 
948 ! 

06@ OISP USING a 8  i 7 9+P% 1; I C  
9se FOR mi TO 21 

e> 
97(3 NEXT P 

l<P?-J< P) 

1720 REtURH 
1738 1 THE CORPUTER GOES HOT KtW3 

U CC1> THUS UE NEED OP TO E 
NTER ORTO RERO il CRLIBIZHTIO 

1188 
1196 
1298 
1219 

1318 
1320 
t 338 
i 34a 

1388 
13298 
1480 
1410 
2428 

1.430 
144B 
%+Sa 
146a 
147@ 
1488 
2 498 
1588 
t S  18 

t 330 

tS50 
lS60 
1578 

1588 

t 398 
1688 
2618 

1620 
1630 
1648 

166% 
1 6f0 
1688 
1698 
2 ?90 
1710 

1328 

1s4e 

i~se 

LDIR 8 

PENUP 

FOR P-2 TO 21 

1 LABEL 'C" 

1 PLOT 8 ~ L < l >  

I COPY 

, \ ? S  . 

l e  

PRINT- 
I PRINT - measures a+ the '+0  

0 
PR f NT 
PRINT 





b 

380 1 TURN OFF HRNOSHWE PROCEOU 
799 CONTROL 4.5 : e++ 

*la CQNTROL 4.6 . B 

RE. 

UT 
4439 1 NO TRSGGER P0P.T C IS OUTP 



428 ! STROBE PULSRTIW=Q 
$48 I m NOT OUT~UT WYSBIT 
439 miip te, see 
468 DZSP 'RERSUREHENTS' 
4?0 FOR PI1 TO 16 
4Be CLIWR 
498 SYITHCHES rmaE OFF 
588 ASS€RT 438 
510 W=BCP) 
520 v=<v+12.3/st23015 9 
538 I=IHTCVttSS> 
548 cs=onrc: I ) 
S% OISP USING 588 i PIP) 
S79 OISP USING 688 i CSC93 
588 IHRGE "t3-wotin.l Fre-uenct=* 

s9e XnmX Conrrol V o l t r ~ ~ * , 0 0  
608 IPIRGE Dfransmissaew Pot tern- 

*,K 

62B ! SYBEPER RT THE PlGWT FREQU 
EfJCY 

630 YRIT  lS9 
6S8 ! RERO POYER COL3 
660 1 J(P3 POYER CtJLO IN 08 

68e ! SUITCW OfOOE OH 

710 GQSU8 1888 
?2& 1 RERO POYER HOT 
730 ! KCP) POUER HOT ?u 98 
7-W K<P)=t(t> 

430 CONTROL 4.3 . 8 

S60 OISP USING 598 i 'JT12.5 

sU0.D.' GhZ' 

.oo D u' 

6lb OUTPUT 404 USING " l . 8 '  . I 

640 GOSUB ieee 

sire J<P>=Z<~) 

tee uRrr tee 690 fiSSERT 4 j 2  

738 ! SYITCH OIODE OFF 
?S0 FlSSERT 4; 0 
-8 PRINT OSIHC 238 rn R ( P > . * J t P , .  

K(Pr 
7SB PRINT+ 1 i JCP>,ks'P? 
798 ! POUERS Kt4 WTT5 
888 HEXT P 
819 PRINT 
829 PRINT 
83% 
848 
850 
960 
87s 
888 
898 
988 

ASSIGN+ 1 TO t 
FOR P=i TO 16 

itse EN0 
t i i e  ENRBLE KBD 253 
1120 ! SYITCHES OIOOC, O f f  
i 130 ASSERT 4; 0 

1160 .DISP ' AUTHORIZED INTERRU 
tZ7@ STOF 

itee ! SWEEPER RT cw rise OUTPUT 484 u s m C  = I B ~ B *  ; 9 

ziee ENC~ 

PI-' 



Le 
20 

40 
58 
68 
78 
.88 
9Q 

38 

188 
1 le 

. 138 
1249 

I 48 

t f8 
168 
1 PB 
188 

138 
* tee 

218 

28 
! ? f COLD 
?=a3 
fiSSXGN1 1 TU 
' RECOI POY C k RECEIVER 
W R R  a OISP 
a 

Tn 

'TOM 

F RCE" 
449 CONTROL 4,8 8 
4se ! TURN OFF THE P Q ~ I T Y  

52s 
$38 
s4e 
sse 
568 
378 
S80 
S98 
688 
618 

638 
648 
630 
66a 
67% 
688 
698 
tee 
710 

728 

628 

n e  
?4e 
750 

760 
778 
78a 

888 

829 
838 

858 
860 

888 
898 
980 

918 

930 
948 

n e  
are 

848 

a79 

sae 

958 

CONTROL 4 , i  j 8 
! NO INTERRUPT COPING FROR P 
ER IPWERRL 
! XWUhRSES ?HE LOGIC ON TH5 . 
FfRG LIWE.tH1S O H  IS CONNEC 
TED TO THE GROUM9 

! TURN OFF HRWf3S)rcrKE PROCEUU 

CONTROL +=2  i 64 

COWPRQL 4.4 i 192 
-- RP . 
CONTROL 4,s i 8 . ~ 4  
! NO TRLGGER. POST C IS QUTF 
U t  



1060 Hl=-XNC 
10- L l = X N F  
t088 8 SEARCH FOR GPMd TRIN 
1098 FOR Pi1 TO 16 
1108 PRINT USING 1114 : A<P)DNCP 

1349 LDIR 8 
1336 MOVE 7 . 8 5 .  Y - 2 8  
1360 L R B E L  U R L l < Y / l @ e r  
l3?8 HEXT Y 

14- 
1478 
14430 
1 498 

1518 
1s29 
IS30 
1548 
1538 

is86 

FOR P=2 TO 16 

NEXT P 
LMEL Gaina 
PENUP 
PLOT A<l>aL<l) 
FOR PI2  t o  16 
ORFIU A<P>*LCP> 
HEXT P 

ORRY PI<P>D~BBZN 

LDIR e 

1808 RETURN 
1810 ENR8LE KBO 25s 
1829 ! SYITCHES 01005 OFF 
8838 RSSERT 4ie  
18SB OUTPUT 484 US IH1;-**, 8' . 9 
1849 1 SYEEPER FIT cn 

isfa STOP 

1860 OISP AUTH0RI;SD 1NTERRt.t 
PT' 

1888 E N 0  



9 8  

981K 
88W 
853K 

F- 5 8 T= 849K 
Pa, 8 0 f= 82SK 
F- 9.13 f= 79r3K 
Fr 9 . 1  T* 357X 

F- 9 3 t= 88% 
F- 9 4 T- 831K 
F= 9 . S  T- 868K 
F- 9 6 T- 9 4 i K  

FI 9.2 TI 7f7K 

2 23 
2.12 
1.sa 
1 f9  
1 79 
1 721 
1 . 8 9  
1 . S f  
1 84 

%.as 

i 37 
1 94 
1 83 
1 83 
1 . t? 
1 76 

F- 8 
F- 8 
PI 8 
F- 8 

1 Ghz 
2Ghz 
3Ghr 
4ChZ 

F- % SGhz 
P= B 7Ghz 
F= 8 8Ght 
F= 8.9392 
F- 9.BGhr 
F= 9 1Ghr 
C- ? .2Ghz 
F- 9 3Chz 
F= 9 44%;: 
F- 9 S G h z  
Fa 9 GGhz 

F- a 

FOCI 
POC= 
POC= 
PQCr 
POC- 
POC- 
POC= 
POC- 
PQC- 
me- 
POC- 
?OC- 
POC- 
POC= 
pot: - 
POC= 

F= 8 .  i e  ~ h ; :  
F-' 8 29 Ghr 
F= 8.38 Ghx 
F= 9.49 Chz 
F- 8 50 Cht 
t= 8.7B Ghz 
P a  8.38 Chz 
P= 8 . 9 0  Ghz 
F- 9 98 Chr 
Fa 9 .  r@ Chr 
F= 9.28  Ghz 
Fa 9 30 Ghx 
F= 9.48 Gks 

f* 9 .m thz 

F- a.ge G ~ Z  

F= s? se Ghz 

9 63 
9.86 

la 93 
le. 32 
119 4 3  le 96 
I' 17 

6 61 
5 34 
4 . M  
3.79 
2 . 8 1  
2 29 
1 ?e 
1.46  

9 as 



noise ratio. The effective cold tempaamre Tau is the temperature of the roam and is 

known within 21 K. The hottemperature Thor is CQmPuted as 

where Exc. is the &%rated exctss noise of ttLe diode and Art. the attenuation of the 

10 dB plactd in series with both expressed in d m W .  

yietds a noise uncertainq of a ' m t  5 . 5  K. The variations or' the diode source 

;rlrpedanc= when switched on and off, produce an error e =1 -(To,, + T o , ) 2  equal to 



b 

. 



input and 

de-g FET parameters. 

must Ibe taken into 

Let us amide the gain u ofthe input ma- network Q is Iess than one shcz 

this necw~rk is purely passive. ed as a funcrion of its scatrering parameters and 

of &e generator reflexion coefficient Ts in the 50 system (see figure C3.1), one has 

2 
j s Z l  i 
I i  a=- rs =o 



a 

lead 

Although it is to have a rigprous rs eQual to 0, the indusicm of the 

Let us now CclLIsidet the noise power at the output of the input network (pornt A 

in the figure C3.1). The aaist power ayaijabie at the output of the input network is 

the stan of two terms: The noise power of the generator irDpenanc (or of the naise 

dicde when one measures the Y-factor) mitiplied by the gain of the network and the 

noise generated by the nerwork itself. Let us 011 T4 the nerwork physical teqera- 

m e ,  T3 the naise te.qeranue of the gerierator ixnpxhnce and the resulting input 

noise temperamre. The noise generator by the the nemork iwif is proporrional to T4. 

Let us find the propordonality constant. We have 



If both source and network are at the same physical temperature, we are in egUiii- 

available n a k  p e r  is of the fonn k T d  and is therefore indqndent of the varia- 

E we note with a bar the eifecrive noise temperame we drive the FET with, we have 




